DOCOiBit BBsoas 



BO 151 778 

AUTHOR 
TITLE 

" * 

INSTITOIIOft 
SPOSS iGEHCI 

POB J>ATB 

hote" .3 . 

EDBS PHIC? 
DESCRIPTORS 



CS 00« 018^ 



Frederiksen, John R. 

A Chro&cietric Stud; o£ Coaponent Skills £n Reading. 
. Techpi^al Report^ Mo^ 2. ^ ' ^ 

Bolt, B€ranek asd Hevaaji,'. Inc«,i» Caabtidge, Bass. 
Office^ o£ Hairal Research, Arlingtcc^ ?a« Personnel 
and Training Research Progrieiais Ofi^ce. 
15 Jan; 78 ' 
H000ia-76-C-0a61 ' • 

^5p- ^ .\ / 

HF-$0,83 HC-$2,06 Plus Postage* 

♦Cognitive PTOcesses; i^Coiponential Anal|sis; High 
School Students; Beasareaenrt lechnig^aes^/Bodels; 
' ♦Reaction Tiae; ♦Reading Coaprebension; /♦Reading - 
Processes; ♦Beading/^Research; ReaddLng Skills';. liae 

ABSTRACT > ^ / ^ : / 

A'coaponent skills aodel of reading is/ presented. On 
the basis of the aodel, f i^e' coapotieo^t factors are -hypJothesiz^d: 
grapheae encoding, encoding aoltiletter nnits, phoneaic translation,'' 
autoaaticitj of articulation, >aiid- d^pth of- processing in word 
recognition. The' fit of 'the hypolihesized, coapcnent factor aodel is 
tested oslng cc|^ariiance data for 11 chroifoaetric a'easnr^s^ chosen to 
reflect separate stages of processing. Th* fit of the struct aral 
aodel is found to be good (p-«2). Thre^ alternative apdels^are 
developed, ^each representing a siaplification of t&e^ general aodel; . 
in each cas€ the alternative structural acdel is rejected. The^ 
coaponent skills aodel accounts^ for nearly all of^ the variance "^in 
subjects^* general reading ability as aeasui^d by standard tests of 
reading cbaprehen^ion. (Author) ' ^ * ^ 



4v 



..r 



IS- 



/ 



^♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦^♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦^♦♦♦♦♦♦;»«^«««#«M#^^^^^^^^^^^^^^^^ 

♦ Rep^foductions supplied l^f BDftS are the best that can be aade ♦ 
- ^ f rca the original do&uaetit« > ' < . * 

^^^^^^'♦^^^^^♦♦.♦♦♦♦♦♦♦♦♦♦♦^♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦#l«««««^««««««««« 



^ Reporf N9. .3757^ 



U S OKPAKTMCNTOf HEALTl). 
* KliUCATiON t WELFARE 
, NATIONAL INSTITUTED^. 
eOUCATION 

THIS DOCUMENT HAS 8E£N REPltO- 
OUCEO EXACTLY AS R€CETvEO PROM 
THE PER^N OR ORGANIZATION ORIGIN- 
ATING IT POINTS OP VIEW OR OPINIONS 
STATED 00 NOT NECESSARILY REPRE- 
SENT OPPICIAL NATIONAL INSTITUTE OP 
EDUCATION POSITION OR*POLICY 



Lt Berc 



Bolt Be^ariek and^Newmaa Inc. 



A Chrdnometr ic Study 



yyt Con^ponent Skills, in 



7 ' 



Reaching L 



r 



. Joiin R. Feeder iksten 

Tech-nical Jleport No. 2 
, January 1978 



V. 



This, resear<:h was sponsored by tie Personnel and ;Train4ng 
Research Programs, Psychological Sc'iencrrS. Division, Office of 
Naval Research, * under" Contract No. N00pi4-76-C^0461, Contract 
.Authority Identif ication^Number NR 154-386. ? 

Reproduction in Whole 6r in 'part is permitted for any purpose of 
the United' States Government. . ^ . 

/ ' . ^ 

AppT6ved fo^r public .release: Distribution unlimited. 



ERLC 



UNCLASSIFIED 



REPORT DOCUMENTATION PAGE 


READ INSTRUCTIONS 
' BEFORE COMPl^KTmn PnBii 


.1. MPOKT NUMCR ^ t. SOVT ACCCtttON No! 

lecnnicai Report flo » 2 i ^ 


1. MCCmiCNT'S CATALOG ^NUMBEM 


A Chronometric Stujiy of Component Skills 
in Reading « 


*. ty^COF REPOflT * PEItlOO COVCREO 

Technical Report (No. 2) 
(1 Dec, 1226-1. Jan a 978) * 


C PCRFORMING ORG. REPORT NUMBER 

•BBN Report No. 3757 * 


7. AUTHOfir«j • / \ , 

oiJilii iv» rLcucLXKsen 

♦ * * ' -*\ 


•. COHTAACT OR CRANT^UMBERf»> 

1 ..' ' . 
N00014-76-C-0461 - 


PERFORMtNGLOflQANIZATION NAME AND AOOIIESS 

Bolt Beranekvand Newman Inc# - - • 
50 Moultbn Street 

Cambridge, MA'0^13& • ' , • * • 


^89® •'AM ELEMENT, PROJECT. TASK * 
AREA « WORK UNIT.N^MBERS 

A * " ' 

• T ' - . } 


M. CONTROLLINC OFFICE NAME AND AQOUCSS 

9 ^ ' ' 

Personnel and Training ResearcH*^Programs 
Office of Naval Research (Code 458) 
Arlington, VA 22217 


«. REPOrtn- DATE 

•January 1978 | 


13. NUMBER bF P/kGE^ } 

49\ 


14. MONITQRINC ACEKCY NAME ft AOORESV dittwftmtt from Controtllmg OtOcm) 

i o ^ ' . . 

• t 1 


IS. SECURITY fcLASS. tfii« r^ft; | 

Unclassified | 


tSa. OCCLASStFtCATlON/DOVNCRAOINC . 
^ SCHEDULE \ 1 


•6. QtS^TRMUTION STATEMENT ftt thtm Htpvrt) '/ • . ' \ 

' Approved for public release; distribution unlimited. 

/ ■ . - .■ i 


{ - ^ 

V 1 


17. OtSTRlBiyriOM ST^TEMENT fo/ thmMhmttmct mttMd In «f«cA 20, U mitmt fnm Jti#off> 

■•■/■..■: 

1 * V 





S SUPPLEMENTARY NOTE^ 



19. KEY WORDS (Ccntkn^ on fW9f •ftf» if ii«c«««|Ky W i^mtitf Wf kimck mumkt} . 

Reading Skiits, Aslsessment df /Component Skills^ Individual Diff fences. 
Information /Processing, Cognitive Prpcesses^ Pers.onnel Adsessment. 

J % • - > . ' 

IP. ABSTRACT ffconflny cn ♦liit U ^^^•••mr nrf >y niiiiil iQ ^ 

A componeht sklU^ mo^el of teading is'- presented .v On the basis of the 
model, five qbmpcinen^ factors ai?l.hypotllesizQd: <1) .Grapheoe Encoding 
(lDEncod:ng Multl-rletrter, Units, ^ClII) Phonemic Translation,- (IV) ' 
Automatic ity of Aptifiulatlon," a;id" (V) Depth of Processing In Wbrd 
Recogniti on. jTl^e fit of the hy^Stheslzed component, fdctor model Is tested 
using .CO rarlance. data fpr eleven chronometric measures, chosen to reflect . 
separate stagfes procttsslng. . The fit of the striijctural model Is (over) 



W t JAM 7» 



473 ' COITION OP t roves it OMOLKTB 

< ■ . ..' 



'\ UNCUSSIFIEP 

MCUNlTV CLAtMPiCATtON OP tHIt^AOK faMa OM||,BM«|ihQ 



UNCLASglFTED 



SeCUWiTY CLASStrtCATtOW OF THIS PAO€(Whm Mmtfd) 



20. (cont) 



found to be good (p=.2). .Three alternative models are de-vifeloped, ^each 
representing a simplification of the general mo(Jej^; in each case the * 
alternative structural model is rejected; jThe component skills model 
accounts fot nearly all of the variance in subjects' . general reading ^ 
ability, as ipeasured by standard tdsts of reading, comprehension. ^ . 



,C, ... : •. 



> 



IWCLASSIflED 



•ICuniTV CLAIMPlCATIOff or THIS rAOirWhwi Ola Snfnd) 



ERJC 



Repc)rt.No-.''3.7S7 . " ■ ' . ; - Bolt Befanek and Newman -Inc. 

. " ' . SUMMA RY , ' , . 

^ A component skills model 'of reading is presented. On the 

basis of the model-, five component factors are hypothesized: •(!), 

Grapheme.. Encoding,, (ii) Encoding Multi-lette| , Unite', 

(III) Phonemic "^Translation, (iv) ACitomaticity of Ar t'icVlation 

and .(V) Depth of Processing in Word Reqognition .' Thei fit of the. 

hypothesised comp(onent factor model is tested usi'^g covariance 

data for eleven chronometr ic measures, chesen ^o reflect separate 

' . ■ • ' 

stages of processing. The^ fit of -the' structural model is faund 

to be good (p=.2). Three alternative models^are developed, each 

^representing a simpl if ication ,qf the general motiel; in^each qase 

the alternative structurali model "^is rejeqted. The coijiponent > 

ski^lls model accounts for nearly all^ of the \iariance in. subjects' 



g'ener;ai reading aJmity, as measured by standard tests of -reading 
/cdm'prehensibn. , . " , '' ^ '. ^' - ' 
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A "CHRONOMETRIC STUDY OF COMPONENT SKILLS IN READInJ' 
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INTRODUCTION 



Psychometr icians^ have long sought to develop skill* measures; 
^ering the- repertoire of human cognitive Sbiliti/es {cf. 
jtone, 1938; Thurstone &' Thurston^, 1941; Fr^ench, 195^^? 
Ekstrom, and Price, 1963; Guilford, J.96'7;- Cart^ll, 1974) . 
The goa\ has been to build tests of infornfat ion-handling slcillg 



.Thur 



t*f em 



that reprWent particular methods for processing information, -b^it^ 
that at th^same timef have applicability across a Vatrety bfs^task 
environments. . While this early wprk on cognitive^^arid percept 
abilities is ^ in many way^ compatible with , modern cogjiitiye 



^psychology in, its teftprt to dist incpuish' component pfocesj^es ^in 
human, skilled performance, the historical ./ Emphasis . upon 
-Situational iqformation-processing abilities *has limited 




cross 



the utility of such measures in the analysis *'^bfi^ the particular 

component skills that are acquired in becomii;^g proficiertt wibhin 

' . ^ • V 

^ a single -task* domain such as that of reading. 

In an effort to.dey^elop measures that are diagnostic of the- 

source's, of . reading disability among naval recruits, we have been. 

engaged in* a |eries of 'studies of individual differences rin^the 

-^^omppnent skills involved in reading. The^.e^eral goal of this 

_„wx)rJe_ has__been to* de,v6lop a set of/component skal4^ measures that 

represent 'the particular 'information-handling prOcesses\used m 
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-^reading^. as- tbey are conc^ptua-lized -in •cUrreat theories o'f the* = 

reading* process; ."These include skills • involved ' in the 

translation .of orthographic patterns into "sound" patterns and 

the accessing of lexical information'', as well as perceptual - 

skills of pattern recog.nitionVanc3x encoding . -a secbtidgoal has 
» . • ^ . \ • ^. 

been to explore the potq/itial offered bv a chjrqnometr id approach - 

^ ^ - ■ • 1^^. 

to the measurement ot confpQnenti'skillg in readi,ng. There a-re a 
number 'of reasons why the' Itieasurement of 'process'ing timesf ^ma^ 
■provide an important tobl for 'the assessment of skills in young ' 
adults. 'First, it is difficult to generate errors in such .basic 
.skills as letter' identificatiohT phonic analysis, and the"' lik-e in 
mature, subjects. Yet, . individual differences in skill may' still- 
be apparent in their^ proces^sing efficiencies. Second, stu'dies of 
♦ rqactio^i times in human informati;cm processing ' h^ve served • ' 
experimental psychologists well in their efforts to.^i)uiJ.d precise 
models for. reading. in particular, the subtractive method for 
analysing rea.ctipn times -^(RTs-) ha^";-' proven its valuer as " a • " 
technique for deriving measurements ^that reflect a- single locus 
ofv information processing. -In the'^'sirt^.tractive %ethod, the 
diffeb^ce "in RTs is "balculated for exper im^^ntal conditions ' that 
vary in t>>^pr<xcessing load they place on some* single- p'rocessing 
subsystem. 

of the relative^ di^iculty in' processing under % the contrasted 
conditions. • .With \a careful, choice of contrasts ^ among 



\ 
\ 






Re-pdrt No. -3757 • 



Bolt Beranak .and Newman Inc. 



e^^per Imental conditions,* it has ioeen^ our hope 'that \me^€ureinents 

of componnent processing skrlls c^n be derived. v' 

Approaches, to Validation ' • * 

♦ *^ 

The -assert ion V,. that a particular RT contract represen^ts a 
designated component skill must in first case be backed up by 
experiments designed to establish the construct validity of the 

// 

parVicular cohstrasts. - . Thus, the first source of information 
concerning the validity of compon^ent skill measures comes from ai^ 
analysis of the indj^ vidua! experimental tasks from which bhe RT 

u * 

contrasts are derived. In this analysis, variations in 
experimental conditions must, be shown to yield the expected 
changes in ^r^sponse times as required by theory. 

• r 

^ The second source of information leading to construct 
validation resul(?%" from a comparison of measures derived, from 
different experimental contexts."* Rrom' a set of experimental 
tasks,' several measures are ^derived for each hypothesized 
component ^t.ocess, each one based upor^ a separate, constast among 
itTs for a ' different set of experimental coricJitions. -A 
theoretical prediction can then be made "about the relationships 
among these skill measures: alternative measures of a designated 
component , skill are , hypothesized bo form a common' factpr that ' is, 
distlact^ from the factors Xormeja by other component skills. Note 
thVt ^ it is th^ r hiab^* degree of specificity about the component 
skills.^measured by -the chosen RT contrasts ^that allows us to 
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generate and- test a ^specific hypotherSis about the factor 
structure^ underlying our set of component , skill measurements. 
And,^ verification ^of tliis hypothesis ' will permit us to conclude ' 
with confidence that the component skills' der ived form our' model 
of reading do in 'fact represent the ^postulated sources of 
individual ^differences among reac^ers. 

Finally, the role of component skills - in\ establishing* an 
indjS/idual ' s general level of reaching ability can be^^^^vestigated 
by using the component skill factors to predict other, more 
general measures of reading performance. This, provides us with a 
third source of 'validating information: the evidence that 
particular component skills contribute to skilled reading as . 
measured by conventional. " tests of reading ability and 
comprehension. . 

'■ ',. II- COMPONENT SKII/L MEASURES 

. Theoretical Modgl ^ ' ■ " ^ 

, The theoretical model guiding the selection of component 
skill measures - is illustrated in Figur'e 1. The model 
' disinguishes ' four main processing"* levels: I. V^Sual Feature 
Extractio n, II. ^ Perceptual E ncod ing III, Decoding , and 
ly. Lexical" Access . Pepceptual Encoding is further subdivided 
into a component representing jthe encoding of ^ individual 
' graphemes and a compoxient representing the encoding of visually 
familiar, multi-grapheme unitg (e.g., SH, . ING) . Finally, 
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3. PRONUNCIATION TASK 
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Fig. 1. A schematic gendering of the processing model representing component skills in reading. Four processing levels 
,^ are distinguished: Visual Feature Extraction, Perceptual Encoding, Decoding, and Lexical Access. While these 

processes are hierarchically arranged, initiation of highei^-level operations does not await o»mpletlon of prior 
operations in the hierarchy. ' Decoding can thus be initiated on the fi^is olf (a) independently-encoded grapheme^, 
or (b) multi-grapheme; units. Lexical access can be based upon any oi*the following input codes: (A) visual 
features, JB) Independently encoded graphemes, (C), multi-grapheme unlXs, (D) a parsed grapheme array, (E) a ^ * 
' > phonological/phonemic translatioa,. (F) a. speech contour, or (G) semantlc/syntactlc.constraints on watd identity. 
ERJC Experimental tasks l-'U are thought to require different characteristic depths of processing. 
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Decoding is divided, into processes of parsing (Spoehr &, Smith, 

197a), phohemic translation , and articulatory programming . 

A general featur>' of the model is^ the notion tha^, , while 

* * ? 

tli^se processes are hierarchically arranged, the ^itiation of 
higher-lev.el operations does not necessarily await; completion of 
pridr operations ' in the ' hierarchy . Thus^ Lexibal Access can be 
initiated on the basis of any of the following input 
representations: (a) a spatial distribution of yisual features, 
(b) an array of independently encoded graphemes (e.g., T R A I N 
I N G) r (c) encode*, overlapping multi-letter perceptual units, 
as in ( (TR) ( (AI)N) )'(! (NG) ) (see also Figure 2), (d) a ^parsed, 
grapheme array, (having a form that may be 'similar to that 
illustrated in Figure 2), ^e)' a phonemic ^translation of the 
orth9graphic pattern, as in t ei n i q, or ^(f) a speech contour, 
having assigned stress and intonation. Input .representations a-f 
represent differing depths or degr;ees of processing^ .prior to 
lexical acce^ss.^ In a similar fashion. Decoding can take place 
on the JDasis of (a) a set of. independently* encoded graphemes, or 
(b) encoded, multi-letter perceptual units. Note that, acqording 
to the model, the demands placed upon the- decoding component are 

^To handle reader' use of x:ontext in lexical retrieval , an 
'additional ; input code^ (g) represents semantic/syntactic 
constraints based upon a contextually-der ived model of discourse. 
However, skills", involved in the use of context are not -included 
in the present set of- experimental .measures and will not be 
considered here. , . ^ 
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TRW r N I N 6 



Figure 2. An illustration of the structural /organization. 

that is implicit in the perceptua^l encoding of; 
the multi-letter units (TR) , (Alj, (N) , (I) 
(NG) , (AIN) , (ING) , &nd (TRAIN) •/ 
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greatiy lessened when the grapheme representation is made up of 
multi-letter units having functional utility for decoding",, , such 
as affixes, double-vowels, consonant clusters, and the like, as 
illustrated in Table 1. , • ' 

Exper imental Tasks '\ . . . # 

Component skill measures that are referenced to particular 



*7. 



>6 



Stages of processing have been deprived from four experimental 
tasks: • « * - ^ 

1, Letter, Matching > -In the letter matching tas^k, the 
subject is shown a br4ef (50 msec) display containing a pair of 
letters that (a) have the same name and fo*rra^ (AA, aa) , (b) have 
similar names but differ ,in form (Aa) , or (c) are ,tot^lly 
different letters (Ad, ad, -ADJ. The subject*s task is to 
indicate^hether the letter names ace the same or different by 
pressing an appropriate response key. ^ , Two RT contrasts are 
derived from tjiis task: Speed in' Letter Encoding (Variable 1 in 
' Table 2) is measured by subtracting the mea^n RT for physically 
•similar letters (AA, aa) from the me$in RT f6r letters • differing 
only in case (Aa, Dd) <Posner & Mitchell, 1967). Facilitation in 
Encoding Jointly Occur itig Letters (Variable 3) is measured by^ 
subtracting the RT for letters differing, only in ' case (Aa^ Dd) 
from ..the RT for' letters that are completely different' (Adr^D). . 
This RT comparison measures what Posner^ in his later • work - has 

• • . ' \ — - ' J' . 

. ^ -8- - 
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TABLE 1 

Decoding under Two Levels of Perceptual Encoding 



Process 



Perceptual*' 



Single-Let ber Units 



Encoding 



Multi-Letter Units 



Stimulus 



/Encoded Visual Units 

Decoding: Parsing 
Grapheme Array 



■J 



Decoding: Phonemic 
Translation 

Assignment of Stress 
an4 Intonation 




SHOOTING 



S/H/O/O/T/I/N/G 



SHOOTING 



SH/OO/T/ING 



Juf IQ 



SH/QO/T/ING 



jut 10 



Jut 'It) 



J 
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\ .TABLE 2 

Variables Used in the- Component » 
Skills Analysis of C6variance Structures* 




VARIAB][iE 



CODE 



TASK 



Results' 
of ANOVA 



3, 



4. 



^5, 



> 



speed in Letter Encoding :\ 

'RT for dis'simil^r cases' (Aa) 

minus RT for similar cases ^ 

(AA, aa) 

' » * * 

Scanning Speed: .Increment in 

RT per letter position, 
t 

Facilitation in encoding jointly 
occuring letters: RT for dissim- 
ilar letters (Ad) minus RT for ^ 
similar letter^ (Aa) . 

Digram Probability Contrast: 
RT(Low Prob. Digram) minus 
RT(High & Middle Prob/ Digrams) 

Array-Length Contrast: Increa^ 
in RT for each added letter. 



Letter* Letter 
Encoding Matching 



6r ' Syllable . Contrast : RT for 

2-'Syllable minus RT for l-SyllJ 

?• - yowel Complexity Contrast: 
RT for -w- minus RT 
for -V- • * ' f 




8. ISyHable Con4:rast (as above, but 
'for vocalization durations.) 



9. Vowel Complexity Contrast: (as 
' above, bwt for vocalization 
derations) . . 

,^0. Percent Drop in Decoding Indica- 
tors for HFW and Pseudo^ s (Siam 5-9 
for Ps^ud^ - Sum 5-9- for HFW)/{Siam 
5-9 *for Pseudowords) . ^ 

.11. Percent Drop in Decoding^ Indica- 
tors for HFW and LFW: (Sum 5-9, 
for'IiFW - Siam 5-9 for ftPW)/ 
. (Sum "5-9 for LFW) .^^ 



Scanning 
Speed 

'Percept. 
Facilita- 
tion 



Digram 
Proba- " 
bility 

Length: 
Pseud. 

Syllable*: 
Pseud'^ 

Vowel : ^' * 
Pseud. - 



Syllable: 

?seu"d«* 

(DurJ-^ 

Vowel: 
Pseud. 
) 



Digram 

.^entifi 

cation 
» 

Letter 
Jlat^ching 



Digram 
Identifi- 
cation ' 




.05 



p<. 05 





decoding 

Psejad.r • 
.kF» 



p<.05 



Pseipdpword p<i06 
Decoding 

«. * 
Pseudoword - 
Decoding 

Pseudoword- 
Decoding Sy 



Pseudoword p<*. 01 
Decoding 



Pseudoword p<.10 
Dedoding 

Word' ' ^ ' -■ , 
''NAming 



A%'Dec5oding 
LFW-HFV? 



Word 
Naming^ 



i 



All comparisons are for meai) response t'ifltes unless Obijerwise noted. 
+Values of » the vajriabl^da^ff€*~-for' subjects at four 'reading levels at , 

t.hft fnd 1 catfid sioniflcajice -level. . " 

. ■« - " " 



ERIC 
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teemed category facilitation (Posner .& Snyder, in press) . These 
two ine.asures are^ thoifght to refer respectively to the two 
subdivisions of Perceptual Encoding encoSirig of individual 
graphemes, and*encoding 9^ inulti-grapheine\ units-. 

2. Bigram Identification . I In this t^sk,^ the , subject is 
fehown * 4-letter array, ppeceeded , and^^fol^lowed by a 300 msec- 
pattern mask (e.g., ####, followed. by 'SHOi^r and that followed by 
####).. The actual 9timulus array var ies from* tr ial to trial: On 
a third of ^he trials, the stimulus^ items- are familiar English 
v/ords,' while on the* remaining trials the items are presented with 
two letters masked so.that^^nly a sjfngle pair of adjacent letters 
^{^.' big'ram) 'is ""viVible (e.g., SH#1^ #ABif , . 4#TH) . Further,, the 
bigrams are chosen so as to differ *in Rotation within the item 
(positions 1-2, 2-3^ or 3-4), frequertcy of occurence in English 
'(e.g»,\H. [high], GA [middle] , aft^^ tK IlowJ),'^and likelihood ^ 
occur ing \in their* presented position' wifehin a four-letter word 
(e.g./ TH#f\Ihi^h\ versus #TH# [low]) 'tcf. Mayzner & Tresselt^ 
1965). In allvcases, the subject • s ' task ^4s to report the letters 

'that he can s^e^ as quickly and acipurately as possible. The 

\ ^ ^ ^ ^ ' . • 

response measure is\ ^the RT measured f^oro the^ 'onset of the 

stimulus item to th^ onset of the subject's vocal report of the 

letters (Freder iksen, 19^78). Two meastrres are derived from ^his. 

experiment. Scanning Speed (Var labile;. 2) is measured by 

subtracting the mean RT for bigrams pre^erfted in .^positions 3-4 
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from** the m'ean for. bigrams presented in positions 1-2 and then 

dividing by 2. This gives th,e increment in RT for each shift to 

• ' ' " • • \ ^ 

the right in letter .position. The Bigram Probability Contrast 

(Variable 4) is me.asured by subtracting the \rt 'for high • and 

middle probability bigrams from that for low prot)ability bigrams. 

_j — 

This variable gives the penalty in processing * time brought by 
reducing the linguistic frequency of a bigrjam unit by the given 
^ynount. Variable . 4 provides a second measure of the al^ility to 

i^n):odfe orthographically regular multi-grapheme units. Variable 2 

* * /*' * . » 

(sca)fining speed) is thought to provide a more general measure of 

Perceptifi^l Encoding, and^to reflect both the single grapheme and 

multi-grapheme subproce^ses. 

3. Pseudoword Decoding . In the pseudoword decoding ta^ls, 

subjefcts are asked p^ro.nounce pseudoword items that have been 

derived from actual English words by changing* a single vowel 

(e.g., BRENCHr. derived fro^v^ BRANCH) • The set of pseudowords 

covers a numbeiLT^pJ orthographic forms, including variations in 

length, number of syllables, and type of vowel (Freder il^sen. Note 

1). We* measure the RT from the presentation of ,the display to 

the ojiset of Jbhe subject's vocalization and the duration of.- his 

vocal response. Five measures of decoding are derived from this 

experiment: The Array Length Contrast /^Variable .5) is' the 

» 

increase in mean RT* for each added letter (e.g*, CCVC, CCVCC, 
CCVCCC). The Syllable^ Contrast (Variable 6) is measured by 
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subtracting the. jnean onset RT for two-sy liable items- from that 
for one-syllable item's that are matched on initial phoneme and 
orthographic form (e.g. , CVC-CV and CvWv) . The Vowel Complexity 
Cootrast (Variable 7). is measured by Subtracting the- mean onset 
RT for pseudowords having sequences of \io vowels (.^..g., (fwCC) 
from >that for pseudowords having single vowels (e.g., CVCCC) . In 
addition, the .syllable $nd vowel compVexity contrasts were 
•oaluclated using -vocalization duratio ns,- forming Variables 8 and 
9- The^, ..contrasts in all cases' reflec^ the increase in 
^^^^essir^^^Eicdlty occasioned loy increasing the orthographic 
complej^^^-.of a stimulus item in a desigijated manner, and -are 
regarded as ^measures of Decoding.' it is thought that measures 

r 

based upon. RT to onset of vocalization tap earlier . decoding 

♦ 

processes of parsing and, phonem-ic' translation, while measures 

based upbn vocalization durations tap, later processes . .of 

articulatory programming, ' stress assignment, - and . the 

establishment of 'prosod4c features. 
• * 

4. ^ Word Naming . This task is in every respect similar to 
the -Pseudoword Decoding task, except for the use of English words 
iiv' plac^^ of^' pseudowords. in addition to 'Variations in 
orthographic form, the stimulus words are choi^en to represent- two 
Linguistic frequencies ^of occurrence, low ••frequency words (havi.'ng 
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a mean SFI ,ind^2 . 27.0) and high-VErequency, words (having -a 

mean SFI index of 56>4J . ' Each of the five contrasts ^described 

- - • '•• ■ 

above for the Pseudoword .Decoding task is also calculated for t^e^ 

Word Naming task, for both hig^h frequendy words (HFWs^) and low 



frequency woifds (LFWs) . Two measures we^e constructed in order< 

V ' • ' - - . ^ 

to compare the extent of use of Decoding iit^-proces^ing^ high and 
low frequency words and pseudowords. The Pe^eetit Drop in 
Decoding Indicators > fox HFWs' and Pseudowords (Variable 10) is 
measured by summing the values of the ^ five contrasts- ^^or both 
HFWs and P^udowords, and calcill^atihg the percent drop u^^ing ,the 
formula: , \ 

.% Drop = (Sum(PseudQwordsj - Sum(HFwk)0 /'^dm(Pseudc^words\ . 
The Percent Drop in Decoding Indicators for\ HF^ and^ LFWs\ Is 
measured in a similar manner, by substituting^ LFW$ fpr 
RseudowQrds in the above - comparison. These v^iables \wer 
developed to measure a fundamental character istic--b^ Le)(ical 
^^cess: the- depth of processing of orthographic mformationXthat 
characteristically takes place prior tq lexical retrieval. Lar^ 
'values for either of these contrast^ indi-cate a decrease in depth 
of ''proceesing^ when the stimuli are familiar English .words, while 
small values incidate tha|: there is a continued use of 
word-analysis >skills' in the r.ecognition of common words. 



~ ^ The SFI or Standard Frequency Index is a logarithmically 
transformed word frequency, scale (Carroll, Davies, St Richmhn, 
1971). High values represent English words that occur commonly 
in text; low values represent^ uncomhion words* ^ . 
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Relation to Hypothesized Component Skills / 

It has been our belief that the set of measures we have 

described will permit us / to ' distinguish the five component 

j^rocesses alluded to aboVe and listed in Ta^^/^ The first^'two 

components (or factors) refer to tl^e bwo . subprocesses of 

Perceptual Encoding, dealing with the encoding of ^individual 

graphemes^^^a^:^ with multi-grapheme units. Th.e. thj.rd — and fourth 

components refer :to hierarchically organized levels of Decoding: 

.Phonemic translation incites the parsing of a grapheme array and 

the appliyCation of orthographic rules to derive a phonemic 

representation. , Aut'omaticity of articulation refers to 

operations performed on an initial phonemic representation in 

deriving an articulatory or speech representation-, including , the 

as»signment of Ig^tress pattern* and other' prospdic features. The 

last compong-a^ process refers to "^what ^ is probatbly the most 

fundamental characteristic of Lexical Access, n'Swnely, the depth 

of processing ^ of the ortho^r,aphic . code- prior to lexical 

rettievalj . • . , 

The relations we have described between component skill 

^ - 

^smeasur^s and component processes can be sUmmar ized' compactly iii a 
factor matrix, shown in Table 4. Ignoring for the moinent the 
niynerical valuel contained ^n Ihe. table, theNiypothesized factor 
structure is represented by the positions of zero^ and positive 
values in th^*^^ble. A value (or loading) of zero for a 'variable 

. - • • '. . ■ -15- 
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"^^CZ^tX^' . jpefiniti^on or 6ompon^^^ 
f,-%f; 'Hypothesized 4^ ,4^he^Analysis of Covariance Structures 



^^^^ ' ' ' PA<|TOR ,v " 



^ " ^ NAME , 



DESCRIPTION 



■1 



.Grapheme Encoding. 



Efficiency in Letter 
Identification 



0r 



V. 



::^'X^rceptuai Facllita- 
™ ;^ ti6A ih^Sficpdxtigr ^ 
- ^.Multi-lettpr Arrays 



Phonemic Translation 



Automati<:ity of 
Articulation . 



Depth pf Processing in 
Word Recognition 



-Efficiency in Encoding 
OrtHographicaliy Regular ^ 
^ or liedaindant. Letter 
^Sequences/,. 

Ef f iciency^in Applying 
Spelling Rules to Derive 
a Phonological/Phonemic ^ 
Representetioa. ^ 

Efficiency in Articulation; 
.Syllabication, Assignment 
of Stress, Prosodies/ 

Use \6f Visual « or Whole-Word 
Reccwnition Strategy in 
Reccfeniiing Common^ Words* 



■V 



ERIC 
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t 

* % 

'TABLE 4 . 

Maximum Likelihood Estimates of Factor^ 
Loadings and Uniquenesses for the Experimental Variables* 





VARIABLE 


I 




FACTOR, 
III IV* 


r 

V ' 


Unique- 
ness 


1. 


Letter Encoding 


1.00 




1 

0. 


0. 

i 


0. 


r 

.00 ' • 


2. 


Scanning Speed 


.64 




0. ^ 


0. 


0. 


.53 


3.' 


Percep . Facilitation 


0. 


.62 


0. 


0. 


0. 


.62 


4. 


Digram Probability 


p. 


. 5? 


0 


0*' 


0. 


.71 


- 5. 


Length: Pseud. 


.16 


Of, 


.11 


0-. 


0. 


.'36 . 


6. 


SylL: Pseud! - 


0. 


0.. 


.80 , 


0. 




.37 


0 
















7. 


\^wel: Pseud, 




0. 


.55 


0. 


0. 


.70 


. 8. 


Syll4 Pseud. (Dur.) 


i-. 0. 


0. 


0. 


.96 


0. 


.08 . 


9. 


Vowel: Pseud, fDur. ) 


0. 


0. . 


0.- 


.36 


d. 


' .87 


10. 


A% Decod. :Pseu.-HFW 


0. 


0. 




0. . 


-.24 


. .94^ " 


11 


A% Decod, :LFW-HFVr' 




o; 


0. 


0. - 


1.00 

f 


..00- 






t 

• 




;l I. 


1* * 







Zero loadings were J^i^ed by hypothesis; the' goodness of fit of 
the 'l^pothesized structure is measured x^(32) ^ 38^.4, p •20. 
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indicates- that that variable is by hypothesis not considered a 
measure of the particular component process, and is no% expected 
to be related to that- component except through possible 
correlations between component processes. A positive loading 
indicates that the variable in question^is hypothesized to l^e a 
measure of the particular component process, although exact 
valife of the loading remains t;o be estimated ' ron the basis of 
datli. By reading down \M2oIumn of Table 4, one can see which RT. 
contrasts have bee^ hypothesized to be markers of ' a given factor. 
By reading across rows, .one can see the hypothesized factorial 
composition for each variable. ' , ^ ^ 



III. EVALUATION OP THE COMPONENT SKILLS MODELr 



Method ' ' 

So far, this discussion has focused on the nature of 
component processes in reading, -and the types of chrononietric 
measures used in their measurement. Our ability to validate the 
component skills analysis is based upon'an important ^'deveiopmeTft 
in the application of statistical , theory to the problem of factor 
analysis, worked ^out a few years ago by Kafel J.6*i^eskog (1970).' 
Joresk'og • s technique /allows us to ; estimate directly the 
parameters of facto;:.' model us^in^ the method of maximum 
likelihop'd , provided that ; tlie number^ of parameter's, to ' be 
estimatecj ' does* not exceed the . degrees, of freedom in the 
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covariance or correlation matrix being factored and that the ' 
'hypothesized -factor matrix is unique in that it precludes , f 
rotation of axes. The investigator reduces the rj/umber of 
parameters in the 'analysis by constraining the' parameters of the 
model (values in the ^factor matrix, intercor relations • among the 
factors, or uniquenesses) to have specified values or to *be equal^ 
to other parameters in the"^t to be estimated. j6*reskog's (Note 
2) program provides a test of the fit of the hypothesized, factor. . 
structure, represented by the choice of-^nstr a inHs on the values 
of^ the parameters. > Finally, comparisons afttong.^^^ alternative * 
structural models can be made using a likielihood ratio test. 

Subjects 

^ Data available for testiitg-'the structural model in Table 4 
are the scores of 20 subjects who were tested on each of the 
tasks Ve have ^escifibed. ' The subjects were high school 
-sophomores, juniors,^ and seniors, and repres*ented a* wide range of 
reading ability le.vels. Their reading spores on the Nelson-Denny 
Reading Test ranged from the ^16th to the 99th percentile* 
Approximately equal numbers of subjects were drawn from a city 
and a suburban high school. 

R esults • / 

The' goodness of fit of the hypothesized fa.ctor - structure . is 

.to . ♦ * • . 

given in Table 4,^ along with estimated values for the- factor 



-19- 

30 



Report NO. 3757 . ' • Bolt Beranek and Newman Inc. 

loadings.^ The obtained Chi-squa're of 3-8.4 (with 32 degrees''' of • 
freedom) " has a probability of .2, indicating- that the sample 
correlation matrix would be obtained with high likelihood given 
that the ^ hypothesized structure is the true factor structure* 
Moreover/ the values of the loadings in the factor matrix suppprt 
in detail the hypothesized component processes model, Factpr^^ I, 
Grapheme Encoding, *^ is clearly marked by the letter encoding and 
scan^ning speed' measures* Factor II , Encoding Multi-Letter^ ^ 
Units, is marked by rthe perceptual facilitation contrast derived 
from the letter matching . task and the bigram probability cbfitrast 
qlerived from the bigram identification task* The three decoding 
indicators calculatecj from onset. RTs in the"^ -pseudoword 
pronuncition task load on the- Phonemic Translation factor /III) , 
and the two decTSaiWg!! contrasts baseql upon vocalization duration^ 
load on the Articulation factor (W) . Finally,, the measures of 
processing depth in reading words both load" -on the last 

factor (V) , Depth of Processing in -Word Recognition'* 

• i 

Estimates of the intercorrelat ions among the factors are 
presented m Table 5* ' A likelihood ratio test of the hypothesis 
that the factors are mutually orthogonal , yielded^ (10)=20.29, ' 
with p<*05. The factors can therefore be assumed ,to be 
correlated with one anoftjier. Several |>atterns among these ^ 
correlations are of interest. (1)- Factors III-V, appear to be 

mutually' orthogonal, suggesting that each is, tapping an 

> '''^ * 

/' • ► * , 

• , -20- ' ' 

■ ■ 31 , . ■ 
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. " ^ ■ TABLE ■ 5 

Maximum Likeliho6d Estimates of Ihtercorrelations 
Among the Factors* 



^ 


^-^ 


,1 


II - 


.III 


IV V 


I. 


4 

Grapheme Encoding 


1.00 




« 




II. 


Percep. Facilitation 


-.'32 • 


1.00 






III. 


Phonemic Translation^ 


.09- 


.41 


1.0.0 






■ Automaticity of ^ 
Articulation 


-.58 


.24 


-.17 


.1.00 


V. 


Depth of Processing v 
in Word Recognition 


-.11 




.08 


J .01 1.00 

V 




♦ , 











A likelihood ratio test of the hypothesis of orthogonality of 
the factors yielded (10) ^ 20.29, with^p < .05. 
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independent aspect ' of. ' the reading process. Facility in 

parsing/phonemic translation appears , to (be un^orrelated with 

processes related to articulation, and the^xtent o^l decoding in 

reading common words is not related to a subject's Igvel of skill 

,at the decoding level. (2) The two aspects of Perceptual 

Encoding, on the contrary, do appear 'to be related to skill in 

decoding and lexical access. Subjects who are highly efficient 

in encoding mylti-letter^ graphemic units are faster in phonemic 

^tc^anslation (r = .41) and in \ar/6iculation (r=.24), and tepd to use 

iheir ^decoding skills iry^ccessing common English words in their 

Lexicon (i:=.52). It irs subjects who are less.- proficient in 

' ident i f yingV m ul t iryie 1 1 e r ' units that decrease """tli^ir depth of 

processing when reading high frequency words. Interestingly,. 

X 

.there appears^ to' be a small, r^eciprocal relationship between 
efficiency in single letted encoding and in encoding multi-letter 
units (r=-.32). v(3) Final^ly, it appears that subjects who are 
'rapid in .encoding individual ^graphemes are also more rapid in 
• articulatory processes (r=.5S). 

Eval\iation of Alter nat^ive Structural Models 

• Three altl^ative hypotheses about the factor structure were- 
developed in order to see if the finer distinctions made between 



subprocesses of Percef>tual Encoding and Decoding are necessary. 
The results of these investigations ,^are presented *in Tabte :6 i In 
the first** alternative model, we were Interested in. the 
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- TABLE 6 

Test of Fit for Three Alternative 
Hypotheses about the Covariance Structure 



Alternative Model 



Effects on Hypothesisied 
^ Factor Structure 



1. 



No distinctions 
are inade between 
Subclasses of 
Perceptual Skills 



Faqtors I and II 
are combined into 
a single Perceptual 
Encoding factor i 



Number of _ 

Factor j L square 



54.16 



d.f . 



37 



.034 



2. No Distinctions 
are made between 
Subclasses of 
Decoding Skills. 

3. No Distinction 
is made between 
the Perceptual 
Encoding of Multi- 
letter Units and 

^^the Parsing of a 
^Grapheme array as a 
Component of , 
Decoding. ^ 



Facty^rs III aVid IV 
are combined into - 
a isincfle Phonemic 
Translation factor. 

Factors II and III 

are combined into 

a single Pcursing 

and Phbnemic Translation 

fa^or. 



54.00 



51.12 



36 



36 



.0-27 



;049 



I ERIC 



■J ■ 



*23- 
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distinction' between . perceptual 'encoding' of .indi^vidual graphemes 
and muiti-grapheme units, represented by factors I and II. These 
two. factors were, acco'rdingly , combined into a single Perceptual 
Encoding factor? in all other respects, the model was similar to 
the general model in Table 4. The test 'of fi^ yielde'd^ 
X (37) = 54.16 with p=^i[|j^^jLeading us -to reject the first 

y 

alternative model and to conclude that a • distinction must be 

• ^ 

maintained between the^two aspects of Perceptual Encoding as 
originally hypothesized. 

In the second alternative model')' the drstinction between 
e"arly (parsing, phonemic translationp^and late (articulatory, 
programming) decoding processes was dropped. Accoi:dingly , 
factors* III and 'IV. were combined into a single Decoding factor, 
while in all other respects the model was similar to our oriqinal^ 
model. The test of fit yielded X^(36)=54.0 with p«.027.. We 
were thus again led to rejedt the alternative ' mbdel -and ^* to 
conclude that the distinction between levels of analysis withih 
the^decoding process mtist be maintained. ^ ' . ^ 

In the third alternative model, we were ' inte^e^sted -in 
testing ^rhe importance of the distinction between the. perceptual 
parsing of a grapheme array (represented -by factor' H) and ^ 
p^irsing cdnceived as a component of decyo^lng (factor III). 
Accordin'gXy,. in thi$ model factors- II and III were comb infed . into 
a single factor.^ The likelihood 'rgtio test yielded X^(36)«51. 12 
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with p=/. 049, and again W6 .were led to reject the aiternativ< 
model ./ Evidently the, perceptual grouping ,of -graph ^es anto 
overlapping, mu^ti-grapheme units ife distinct f com' rulerbased 
prjKfesses involved' in the translation of- an orthographically 
regular array. ' ' * 



Testing the External Validity of the Component Skills Model 



A final source of information concerning the validity o^. tiiet 
component skill measures lies in their relationship to other, 
more general measures of reading profibiency. We are interested 
-here in establishing what role the componerit processes play^ .in' 
setting levels of reading skill, as ^meas^^-ed by conventional 
tests of reading ability and "qorapr'fehension. • Two sets of 
criterion variables were used: (L) Chronometric Measures 
representing overall levels' . of performance' in reading 
individually presented words^ arid pseudowords, and\.(2) Re'adlnq 
Test Scores , including the Nelson-Denny Tot^l Scor.e (the sum of 
vocabulary and Reading (Jomprehension subtests) » Nelson-D(?nny 
Reading Hate, ^nd the Gray Oral: Reading I T\est/ Total Passage Score 
(which includes number of pronunciation errqrs and reading cate) • 
•The loadings of each, of these criterion > Variables on th^ 
component skill factor? were calculated using a factor extension 
procedure, and are.'preseitted" in^Table 7. . 
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TABLE 7 



Loadings of Criterion Variables 
on the Component Skill Factors 



FAC^F 

AUTOMA- 
TICITY 

OF 
ARTICU- 
LATION 



Criterion 
Variable 



II 



III 



GRAPHEME PERCEPfUAL PHONEMIC 
ENCODING FACILITA- TRANSLA- 
TION TION 



V 
WORD 
RECOG- 
NITION 



SQUARED 
MULT, 
CORRELA- 
TION 



Chronometric Measures 



1. ftean Onset .14 
Latency : Pseudo • 

2* Mean Onset .33 
Latency :LFW 

3. Mean Onset . .27 
Latency :HFW 

4. Word Frequency, .08 
Effect- (Onset RT) 



.70 



.43 



.55 



.72 



.35 



%12 



.33 



.59 



.49 



.46 



.27 



.29 



.36^ 



.35 



,22 



•.73 



.56 



.68 



.99 



Reading Test Measures 



5. Nelson-Denny: ^ -.42 
• Total Score 

-"6-.' Nelson-Denny: f -^2 
Speed ) • 

7. Gr^yOral -.39 
Rea33LJtgv^ 



.59 
.52 
.24 



-.02 , -.69 - -.35 



-.23 



-.62 -.25 



.09 -.43 -.37 



i:oo 

r 

.73 

I 

.53 
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Chronometr ic Measures . Heart onget latencies for pronouncing 
pseudowords ^nd low or high frequency word^ (criterion variables 
' 1-3) are highly predictable from the compbnent skill factojrs, 

^ 

3 . " ' • * 

with multiple correlations of .SS, .75, and ,82, respectively* 

There is a high degree of consistency in the pattern of loadings 

for each of these criterion 'variables; Wh'ile Grapl^eme Encoding is 

positively — but not strongly — related to efficiency in reading 

words and pseudowords, the ability to encode multi-letter units 

is the strongest-predictor .of oral reading latencies. Phonemic 



' Translation is related to ps 




rd decoding latencies, but , not 



to latencies^<--f0r pronouncing English wordS;, However, 
Automaticity of Articudation does^^urn out to be ^ a strong 
predi.ctor* of reading latencies. Finally, the loadings on the 
Visual Recognition - factor support our earlier contention 
(Frederikseni^ 1976) that i|t is the poorer ^reade;rs that use a 
visiial or whole-word basis for recognizing familiar words , ^ 
The difference .in reading latencies " for low and high 
fre<^uency words wag ^ntereU, as the fourth cirter ion; variable • 
The items co'ntr ib^rting^ to the higK^amd^ low frequency scores were 
balanced in number ypf 
'encoding component does not predict this*^fe^i;iterion. On tfte-^other 
hand. High and low frequency words do di'ffer 3^^^^>^the populations 
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^ The multiple correlations are subject to shrinklg[e and/shoul d^ 
be regarded' only aa indices oi the degree of, shar^ variance 
between the component skill factors and the criteria* 



-27- 



)rt No, 3757 



Bolt Beranek and Newman Inc, 



^ley contain, and we are thus not surprised to find 
that tB^^ mult i-let^i^^coding factor .is a strong^ prediictor of 




differences in latencies'^^^ reading low and high frequency 
words, ^Finally, the positive loaS*?:^^ on factors III-V suggest 



again that high and low frequency words 
ways prioi? to lexical retrieval. 



mlysed in different 



Reading *Test Measures, 



The scores for the three" 



test measures are highly predictable from the component skj^i 
factors, with multiple correlations of 1,00, ,85, and ,73 for the 
Nels^on-Denny Tote^l, Reading . Rate, and Gray Oral Reading Test 



soores, respectively. Again, the strongest predictors appear to 
be ^ncoding Multi-Letter Units^nd Automat'icity of Articulation,' 
Subjects scoring highly on the ^i|^ing tests also tend^ tQ>^-Hre 

efficient in Gr'^phme Encoding and to use thier dtecoding skills in 

ft ' 

recognizing familiar English wards as well as less familiar 
items, Lov scoring subjects again are found to be ;^ess efficient 
in encoding individual graphemes, in perceiving multi-grapheltne 
units-, and in their degr^ of autopiaticity in the final? stag^es of 
decoding, and they tend to recognize faiiiiliar words on t[he basis 



of their visual character istics. 



, \ 

^ The loadings are negativj, indicating 4;hat efficiency In 
proc.e^sjLng^ within the domai'n of each component skill is related 7}, 
to; high siidK^s^ jreading tests.- ^ 
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IV. SUMMARY AND CONCLUSIONS ' 

The evidence .we have^ collected * supports a component process ' 

model \for reading that * distinguishes at least five component 

^skills: I. Efficiency in perceptualj encpding of individual' 

g,r>phemes^ II. Efficiency in encoding orthographically regular, 

multi\grapheme\. units, III. fi^ficieilcy in pstis4^'^ 'an encod^d:^^^ 

grapheme\^array and in applying letterrsound correspondence rules 
• - 

to derive a phonological/, phonemic representation, 
IV. AutomaticiVy in deriving ' a speech' represejitation, in the 
assignment of str^s and* other £)rpsodic features, and the 
process , of * leoci<:al retrieval, characterized by the depth-of 
5sing (perceptual encoding and decoding) thiPE^-takes pl^ace 
lexical access. The picture we have gained of the 
jrcorrelation among QO^nponent skills and ^ their 
relatedness . to^me^^a^s of. reading prof iciency' permit us to "draw 
two more general "^nclusid! 
1» While component Rfocesses can^fc^ reqai 



as hierarchically 



ordered, the initiat'H 



high order^'^cpcesses (e.g., le^icaCl; 



ret;HL^val) JiOBsr^t, necessWily await the complel^lpn 6f earlier 

Thuk#' the depth of processing prior to* 



^ xpjp:>e€fVsir>4 operations , 
lexical Retrieval is seen to^varVwith the faraiiiarity of a^word. 
High\freguency words may be recognr^d on the basis' ^of their 
'^ visual characteristics, without /the^omplet ion of the gra|)heme 
encoding and^ decoding processes required for .recognising 
ir woXds. 



mc 
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2. There aice interactions ( trade-offs ) - betwee n the use of s kills 
pit - one level of. «pp3cessing and the mode of processing and' 



processing ef~fi-ciency»>w,at higher Igvels of processing , Thus,, an 
a&ility tci perceptually encode,., multi-letter > units reduces the 
demands placed on the decoding component , with a qonsequent 
^ increase in; 'efficiency of^decoding. .Readers^ who have high scores 
on - factor II (Encoding MuLtl-letter Units) are also the fastest 
decoders, and " thVy^"' are likely to • apply their efficient 
' word-analysis skills in recognizing common ^s w^ll- as rare words/ 
On the other h'^and , reader^ who< have a low level of ^ill in 
perceptwally encoding^ ^multi-letter units^ have the greatest 
difficulty "in decoding grapheme ar-tariES,;anto ."so.und and they ar'e 

^,the ones who are most likeJ.y^ta"^fduce -the depth^* of -proqessing 
when visually familiar wo-r^Js are encountered. This processing 

' inter<acti9n:,^i^strates -; how the mode . of processing at a high 
\ey/^l, (het^r^^^^f-'^p^ as^ a basis for performing * 

lexicai^cc4ss> .is^w^fjienced'-toy the. le of skill in processing 

^ ,1^^ :^ r-^X-'^^^ ^ '^'^-^ --rA^ . * , 

at' a ld¥eE&^ev%k* ^t*e jnodificafcioii in procedures for high-level 
^processing;^ ^^e3$^Q^l^-^ access) compensate for low 

, ef f icilencie^'^'^rii^ lov*eCr-level con|p|>neiit processes'. Thus,. *the 



system adapts to it'^town def ici'6ncies./\.a(nd/ is able to iiiilprove- 
it's ove/all ^^^fpnife^nce when the/lstimuius materials permit such 
an adjustgi^t- to take place. In 
general, we bexi^j/e^that models .fpr^ hujnan information processing 
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within a complex' domain -such as that of reading will have to 
accQunt for indivj.ciual differences in the procedures used by the 
^ystem in allocating its components for _the solution of -a 
problem, as well as tor skill difierenc\^ among subjects in 
processing efficiencies within. the componetjt^ processes 
themselves. 
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